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FILAMENT CIRCUIT RESISTANCE 
ADJUSTING APPARATUS 

Background of Invention 

[0001] The present invention relates generally to computed tomography systems, and more 
particularly to an apparatus and method for adjusting the resistance of a cathode 
filament circuit within a computed tomography tube assembly. 

[0002] Various computed tomography (CT) systems are presently used, each of which have 
different system functionality requirements. Because of the different functionality 
requirements, internal CT system components vary depending upon the application, the 
manufacturer, and a CT system model. 

[0003] The CT system includes a computed tomography tube assembly including a CT tube 
and a filament circuit. The CT tube generates X-rays across a vacuum gap between a 
cathode and an anode, In order to generate the X~rays, a large voltage potential is 
created across the vacuum gap forcing electrons to be emitted from the cathode to the 
anode. In releasing of the electrons, a filament contained within the cathode and filament 
circuit is heated to incandescence by passing an electric current therein. The electrons 
are accelerated by the high voltage potential and impinge on the anode, whereby they are 
abruptly slowed down. The impact of electrons produces a large amount of heat. To 
reduce the amount of heat in the anode the CT tube is oil cooled. Even in so doing, 
because of the high voltage and heat generated, CT tubes eventually wear out and need 
to be replaced. 

[0004] 

CT systems have varying resistance requirements for the filament circuit. The bulk of 
the filament circuit resistance is currently from the filament itself. Therefore, each 
filament has a resistance that is specific to a CT system. When a filament having a certain 
resistance is installed into a CT system that requires a filament with a different 
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resistance, system errors can occur such as filament shorts that prevent normal system 
operation. Since tubes are replaced often and are CT system specific, the cost in 
production and replacement of the various tubes is large. 

[0005] Also, when improved and updated CT systems are introduced that require a filament 
resistance which is different from existing filament resistances, further costs are endured 
to develop and manufacture a new cathode having the newly required filament resistance. 

[0006] Therefore, it would be desirable to provide an apparatus for adjusting the resistance 
of an existing cathode instead of designing a new one. The apparatus may provide 
versatility and interchangeability of CT tubes between CT systems and reduce the number 
of different cathodes that are produced, thereby saving costs involved in developing and 
manufacturing of CT tubes. 

Summary of Invention 

[0007] The foregoing and other advantages are provided by an apparatus and method for 
adjusting the resistance of a cathode filament circuit within a computed tomography 
tube. A filament circuit resistance adjusting apparatus, for a filament circuit having a 
filament with a first resistance is provided. The filament circuit resistance adjusting 
apparatus includes a first resistor, which has a second resistance and is electrically 
coupled to the filament. The first resistor adjusts the resistance of the filament circuit. A 
method for adjusting the resistance of the filament is also provided One of several 
advantages of the present invention is that it provides an apparatus for adjusting the 
resistance of an existing filament circuit instead of developing a new CT tube. 

[0008] Another advantage of the present invention is that it does not detrimentally effect 
computer tomography (CT) tube performance. 

[0009] A further advantage of the present invention is that it withstands physical contact 

with oil, high temperatures, and high X-ray exposure, such as experienced within the CT 
tube. 

[001 0] The present invention itself, together with attendant advantages, will be best 

understood by reference to the following detailed description, taken in conjunction with 
the accompanying figures. 
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Brief Description of Drawings 

[001 1] For a more complete understanding of this invention reference should now be had to 
the embodiments illustrated in greater detail in the accompanying figures and described 
below by way of examples of the invention wherein:Figure 1 is a pictorial view of a 
computed tomography system, utilizing a filament circuit resistance adjusting apparatus 
in accordance with an embodiment of the present invention; Figure 2A is a top view of a 
computed tomography (CT) tube assembly in accordance with an embodiment of the 
present invention;Figure 2B is a side view of the CT tube assembly in Figure 2A, which is 
in accordance with an embodiment of the present invention;Figure 2C is a sectional view 
of the CT tube assembly in Figure 2A, which is in accordance with an embodiment of the 

Q 

jfs present invention;Figure 3 is a perspective cut away view of a CT tube insert in 

Jfj; accordance with an embodiment of the present invention; Figure 4A is a front view of the 

pj filament circuit resistance adjusting apparatus in accordance with an embodiment of the 

^1 present invention; Figure 4B is a side view of the filament circuit resistance adjusting 

04 

iflj apparatus in accordance with an embodiment of the present invention; Figure 4C is a rear 

view of the filament circuit resistance adjusting apparatus in accordance with an 
J*J embodiment of the present invention; Figure 5A is a perspective view of a filament circuit 

yl resistance adjusting apparatus in accordance with another embodiment of the present 

invention; Figure 5B is a side view of a filament circuit resistance adjusting apparatus in 
accordance with another embodiment of the present invention; andFigure 6 is a side view 
of a filament circuit resistance adjusting apparatus in accordance with another 
embodiment of the present invention. 

Detailed Description 

[0012] In each of the following figures, the same reference numerals are used to refer to the 
same components. While the present invention is described with respect to an apparatus 
for adjusting the resistance of a cathode filament circuit within a computed tomography 
(CT) tube, the present invention may be adapted to be used in various systems including: 
radiotherapy systems, X-ray imaging systems, and other imaging systems that use 
imaging tubes. Also, the present invention although described as being used in 
conjunction with a CT tube may be used in conjunction with other imaging tubes 
including X~ray tubes and camera tubes. 
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[0013] 



In the following description, various operating parameters and components are 
described for one constructed embodiment. These specific parameters and components 
are included as examples and are not meant to be limiting. 



[001 4] Referring now to Figure 1 , a pictorial view of a CT system 1 0, utilizing a filament 

circuit resistance adjusting apparatus in accordance with an embodiment of the present 
invention is shown. The imaging system 10 includes a gantry 12 that has a CT imaging 
tube assembly 1 6. The imaging tube 1 6 projects a beam of x-rays toward a detector 
array 1 8. The x-rays after passing through the medical patient 20, within the patient 
bore 22, are detected and used to create a CT image. 

[001 5] Referring now to Figures 2A, 2B, and 2C of a top view, a side view, and a cross- 
fft sectional front view of a CT tube 30 assembly containing a CT tube 32 and also referring 

21 to Figure 3 of a perspective cut away view of the CT tube insert 32, all of which are 

i y 

% i shown in accordance with an embodiment of the present invention. The CT tube 32 

CO 

ry assembly includes an exterior housing 34 comprising the CT tube insert 32 and a 

. filament circuit resistance adjusting apparatus 36 that is part of a first filament circuit 38, 

Q and a second filament circuit 39. 

jj| [001 6] The CT tube insert 32 is formed from glass, which contains a rotating anode 40 and a 
jk cathode 42. The CT tube 32 is surrounded by oil, which is pumped to a heat exchanger 

44 via hoses 46 where it is cooled. The cathode 42 includes a cathode cup 48 supporting 
a first filament 50 and a second filament 52. Electrons pass from the filaments 50 and 52 
to the rotating anode 40 across a vacuum gap 54 where they impinge on the anode 
producing x-rays. These x-rays then pass through a window (not shown) in the housing 
34 for scanning purposes. 

[0017] 

The first filament circuit 38 includes the first filament 50, a first pair of resistors 60 
in series with the first filament 50, a first supply line 62, and a common line 64. The 
second filament circuit 39 includes the second filament 52, a second pair of resistors 66 
in series with the second filament 52, a second supply line 68, and the common line 64. 
Both the circuits 38 and 39 have an overall resistance that is adjusted by the pairs of 
resistors 60 and 66, respectively. The first filament 50 may be a tungsten wire, having a 
first resistance. The first pair of resistors 60 include a first resistor 70 having a second 
resistance. The second filament 52 may also be a tungsten wire, although it has a third 
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resistance. The second pair of resistors 66 include a second resistor 72 having a fourth 
resistance. Each resistor in the pairs of resistors 60 and 66 may have varying resistance 
depending upon the CT system application. Both pairs of resistors 60 and 66 are 
mounted on a circuit board 74, which is attached to a cathode rod 76 by a threaded 
fastener 78. Notwithstanding, the circuit board 74 may be fastened to the cathode rod 76 
by other means know in the art. Although, the circuit board 74 is illustrated as being 
circular in shape and having a diameter such that it fits into a recessed portion 79 of the 
CT tube insert 32 it may be of various size and shape. Also, even though each of the 
circuits 38 and 39 have a pair of resistors, any number of resistors may be used to 
achieve the proper overall resistance. The resistors may be in series with, parallel to, or 
both in series with and parallel to the filaments 50 and 52. 

[001 8] In operation, power is supplied through a cathode receptacle 80 to the pairs of 

resistors 60 and 66 via the supply lines 62 and 68. The cathode receptacle 80 is located 
outside of the CT tube insert 32 and is coupled to a high voltage generator and filament 
drive (not shown) by which the power is supplied to the cathode 42. The supply lines 62 
and 68 and the common line 64 are plugged into the cathode receptacle 80 via plug 82. 
After passing through the pairs of resistors 60 and 66 power passes to the filaments 50 
and 52 via filament leads 84, respectively. Power then returns to the cathode receptacle 
80 via the common line 64. 

[001 9] Referring now to Figures 4A, 4B, and 4C of a front view, a side view, and a rear view 
of the apparatus 36 in accordance with an embodiment of the present invention are 
shown. The apparatus 36 includes the pairs of resistors 60 and 66, and the circuit board 
74. 

[0020] The pairs of resistors 60 and 66 are referred to as power film resistors in the art. An 
example of a power film resistor that may be used is the CADDOCK Corporation power 
resistor, model number MP850, The power film resistors are heat and oil resistant, as to 
withstand the internal operating environment of the CT tube assembly 30. Of course, for 
other applications other resistors may be used. Also although the pairs of resistors 60 
and 66 are in series with the filaments 50 and 52 to increase the resistance of the circuits 
38 and 39, respectively, they may be parallel to the filaments 50 and 52 as to reduce the 
resistance of the circuits 38 and 39. 
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[0021] The circuit board 74 is also produced from heat and oil resistant materials known in 
the art. The circuit board 74 has a heat sink layer 90 that may be produced from copper 
and metalized onto the front surface of the circuit board 74. The heat sink layer 90 aids 
in transferring heat away from the pairs of resistors 60 and 66. The heat sink layer 90 
may be produced from other forms of high heat transfer material know in the art. The 
circuit board 74 may also have pins 92 for attaching the filament leads 84, the supply 
lines 62 and 68, or the common line 64 to the circuit board 74. Although, the pins 92 in 
this example are produced from nickel, they may be produced from a conductive material 
other than nickel. The rear side 94 of the circuit board 74 has conductive paths 96 
metalized therein for transferring power between the filament leads 84, the supply lines 
62 and 68, and the common line 64. 

[0022] Referring now to Figures 5A and 5B, of a perspective view and a side view of a 
filament circuit resistance adjusting apparatus 36" in accordance with another 
embodiment of the present invention are shown, The apparatus 36" includes a filament 
resistance adjusting apparatus socket 1 00 and the circuit board 74" with the pairs of 
resistors 60 and 66 attached. The circuit board 74" may have attachment pins 102 that 
snap into the socket 1 00 so as to allow easy removal or replacement of the circuit board 
74". Other attachment devices known in the art, other than the attachment pins 102 may 
also be used. The circuit board 74" may also have contact pins 1 04 for conductive 
transfer between the filament leads 84, the supply lines 62 and 68, and common line 64. 

[0023] Now referring to Figure 6, a side view of a filament circuit resistance adjusting 

apparatus 36" in accordance with another embodiment of the present invention is shown. 
The circuit board 74 may have individual resistor sockets 11 0 so as to allow the resistors 
1 1 2, in the pairs of resistors 60 and 66, to be attached to the circuit board 74 without 
soldering by inserting them into sockets 1 10. The sockets 1 10 provide easy removal and 
replacement of the resistors 1 1 2. Thereby, further providing ease in adjusting the 
resistance of the circuits 50 and 52. 

[0024] 

The present invention by providing a filament circuit resistance adjusting apparatus 
reduces development and production costs involved in satisfying new resistance 
requirements for future CT systems. The present invention also provides versatility in 
changing resistance of filament circuits. Furthermore the present invention allows for 
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interchangeability of imaging tubes between various CT systems. 

[0025] The above-described apparatus, to one skilled in the art, is capable of being adapted 
for various purposes and is not limited to the following systems: radiotherapy systems, 
X-ray imaging systems, and other imaging systems that use imaging tubes. The above- 
described invention may also be varied without deviating from the spirit and scope of the 
invention as contemplated by the following claims. 
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